Oldenlandia corymbosa Linn. (Rubiaceae) is an important herb traditionally used as a febrifuge and liver tonic. In this study, a high-performance thin-layer chromatography (HPTLC) method has been established for the quantification of four bioactive markers, oleanolic acid (OA), ursolic acid (UA), lupeol (LU), and stigmasterol (ST), in the whole plant of O. corymbosa. Separation was achieved on silica gel 60 F 254 HPTLC plates using hexane-ethyl acetate-methanol (8.2:1.8:0.5, v/v) for oleanolic acid and ursolic acid; and toluene-methanol (9.4:0.6, v/v) for lupeol and stigmasterol as the mobile phases. The quantitation of the four markers was carried out using the densitometric scanning at 540 nm after derivatization using sulfuric acid reagent. The linear regression analysis data for the calibration plots showed a good linear relationship (r 2 = 0.9831-0.9979) in the concentration range of 1200-4200 ng for oleanolic acid, 400-1400 ng for ursolic acid, 100-500 ng for lupeol, and 500-2500 ng per spot for stigmasterol with respect to area. The method was validated for linearity, inter-day precision, intra-day precision, repeatability, accuracy, specificity, limit of detection, and limit of quantification. The average recoveries for oleanolic acid, ursolic acid, lupeol, and stigmasterol were 98.77 to 99.12%, indicating the good reproducibility. Stigmasterol 1.19 ± 0.04% w/w was present at high concentration, and oleanolic acid 0.012 ± 0.006% w/w was present at low concentration in the whole plant powder. The proposed HPTLC method was found to be simple, precise, sensitive, accurate, reproducible, and robust.
Introduction
Oldenlandia corymbosa Linn., commonly known as Parpata, is an annual, prostrate, or erect herb growing throughout India during the rainy season [1, 2] . In the traditional systems of medicine, it is documented to possess cooling, febrifuge, stomachic, and anthelmintic properties. It is an ingredient of several important composite formulations for jaundice and other liver disorders [2] [3] [4] . The plant is reported to exhibit hepatoprotective, anti-inflammatory, antitumor, and radioprotective activities [5] [6] [7] . The chemical investigations revealed the presence of quercetin, esculetin, scopoletin, geniposide, 6α-hydroxygeniposide, 6β-hydroxygeniposide, asperulosidic acid, deacetylasperuloside, p-hydroxybenzoic acid, protocatechuic acid, vanillic acid, syringic acid, stigmasterol, β-sitosterol, ursolic acid, and oleanolic acid [8] [9] [10] . Recent reports pointed out antitumor, antiviral, and antihyperlipidemic activities of oleanolic acid (OA) [11] [12] [13] ; cytotoxic, hepatoprotective, and anti-inflammatory activities of ursolic acid (UA) [14] [15] [16] ; hypoglycemic, antioxidant, and thyroid inhibitory actions of stigmasterol (ST) [17] ; and antiprotozoal, antimicrobial, and chemoprotective potentials of lupeol (LU) [18] . The analytical methods for the quality assessment using OA and UA as markers are reported in separate papers using high-performance thin-layer chromatography (HPTLC) and high-performance liquid chromatography (HPLC), respectively [19, 20] .
The present study is the first attempt to develop a validated HPTLC method for the quantification of OA and UA, LU and ST.
Experimental

Plant Material and Chemicals
Fresh, fully-grown, flowering plants of O. corymbosa were collected from Anand, Gujarat, India, in the month of October, 2010 and they were authenticated by a qualified taxonomist. A voucher specimen (LM 633) was deposited at the department of the authors. The plant material was cleaned, dried, powdered to 60 # and used for the present study.
Standards OA, UA, LU, and ST were procured from (Sigma-Aldrich, India). All the solvents used were of chromatography grade, and other chemicals used were of analytical (AR) grade.
Preparation of Stock and Working Standard Solutions
Standard stock solutions of OA and UA were prepared by separately dissolving 2 mg of accurately weighed OA and UA each in 10 mL methanol in volumetric flasks (200 µg mL −1 ).
Working standard solutions were prepared by transferring 6 mL of stock solution of OA and 2 mL stock solution of UA to a 10-mL volumetric flask and diluted with methanol up to the mark (OA, 120 µg mL −1 ; UA, 40 μg mL −1 ).
Standard stock solutions of LU and ST were prepared by separately dissolving accurately weighed 1 mg of LU and 5 mg of ST in 10 mL methanol in volumetric flasks to get standard solutions of 100 µg mL −1 and 500 µg mL −1 , respectively.
Sample Preparation
An amount of 5 g of plant powder was exhaustively extracted with 100 mL ethanol, filtered, and dried. The dried ethanolic extract was hydrolyzed by 2 N HCL under reflux for 3-4 h and taken in toluene (3 × 25 mL) to yield 6.88% w/w of extract on drying. This was dissolved in methanol in a volumetric flask to get a concentration of 5 mg mL −1 for LU and ST, and 10 mg mL −1 for OA and UA. The sample solutions were filtered for HPTLC analysis.
Chromatography
HPTLC was performed on 10 cm × 10 cm precoated silica gel 60 F 254 plates (E. Merck, Darmstadt, Germany). The plates were prewashed by methanol and activated at 60°C for 5 min. The samples were applied to the plates as bands 6 mm wide and 12.2 mm apart using a CAMAG Linomat V applicator (CAMAG, Muttenz, Switzerland) fitted with a 100-µL syringe (CAMAG, Muttenz, Switzerland). For OA and UA, separation was achieved by means of prechromatographic derivatization, wherein the plate after spotting was developed in a twin-trough chamber with 1% iodine in chloroform to a distance of 1.2 cm. The plate was withdrawn from the glass chamber, and the start zone was covered by aluminum foil and kept in dark for 10 min. When the reaction was complete, the plates were dried in a stream of warm air to remove the excess of iodine [21] . The linear ascending development was performed in a CAMAG twintrough glass chamber (10 cm × 10 cm) with the mobile phase hexane-ethyl acetate-methanol (8.2:1.8:0.5, v/v) whereas, for LU and ST, the plate was developed using toluene-methanol (9.4:0.6, v/v) as the mobile phase. After drying, the plates were derivatized using 1% sulfuric acid reagent followed by heating at 110°C and scanned in a CAMAG TLC Scanner using win-CATS software (version 1.4.3.6336) at 540 nm with slit dimensions 6.00 mm × 0.45 mm. The scanning speed was 20 mm s −1 , and the source of radiation was a tungsten lamp.
Validation of the Method
Both methods were validated in terms of linearity, inter-day precision, intra-day precision, repeatability, accuracy, specificity, limit of detection, and limit of quantification. The International Conference on Harmonization (ICH) guideline was employed for validation of the analytical method [22] . The intra-day precision was determined by analyzing OA (1200, 3000, and 4200 ng spot −1 ), UA (400, 1000, and 1400 ng spot −1 ), LU (100, 300, and 500 ng spot −1 ), and ST (500, 1500, and 2500 ng spot −1 ) three times on the same day. Inter-day precision was determined by performing the same analysis daily for 3 days. The repeatability of the measurement of the peak area was performed by sevenfold measurement of the same spot. For repeatability of the sample application, the same volume of the standard solution was applied seven times and the area was measured for the peaks. The accuracy of the method was ascertained by adding known concentration of analyte at three levels (50, 100, and 150% of working concentration) to the prequantified sample solutions and estimating the quantity of the analyte using the proposed methods. The limit of detection (LOD) and limit of quantification (LOQ) were measured at signal-to-noise ratios of 3:1 and 10:1, respectively. LOD and LOQ were expressed as 3.3 a / b and 10 a / b, respectively, where a is the standard deviation of the mean value and b is the slope of the calibration curve.
Quantification of OA, UA, LU, and ST in O. corymbosa
Fifty microliters and 10 µL of test solution (10 mg mL −1 ) were spotted along with 10, 15, 20, 25, 30, and 35 µL of standard solution on plates for the estimation of OA and UA, respectively. Twenty-five microliters and 1 µL of test solution (5 mg mL −1 ) were spotted along with 1, 2, 3, 4, and 5 µL of standard solution on plates for the estimation of LU and ST, respectively.
The peak areas were noted, and quantification was performed using linear regression equations of the respective compounds. 
Results and Discussion
Method Validation
A series of standard solutions was prepared from the stock solutions, and amounts in the range 1200-4200 ng for OA, 400-1400 ng for UA, 100-500 ng for LU, and 500-2500 ng for ST were applied to the plates. A calibration curve was derived by plotting peak area (Y axis) versus concentration (X axis). The correlation coefficient, slope intercepts, and regression equation were also calculated to provide a mathematical estimate degree of linearity. The regression data obtained showed a good linear relationship. The data of inter-day precision, intra-day precision, repeatability of measurement, repeatability of application, LOD, and LOQ are given in Table 1 . The results of the recovery study are shown in Table 2 , indicating that the method is accurate. The methods are specific for OA, UA, LU, and ST because they resolved all standards well in the presence of other phytoconstituents in O. corymbosa.
Quantification
HPTLC studies revealed OA and UA at R f 0.41 and 0.28, respectively. LU and ST resolved at R f 0.51 and 0.39, respectively (Figures 1 and 2) . The contents of OA, UA, LU, and ST were found to be 0.012 ± 0.006, 0.053 ± 0.009, 0.026 ± 0.008, and 1.19 ± 0.04% w/w, respectively, in the plant.
Figure 2
HPTLC study of stigmasterol and lupeol.
Figure 1
HPTLC study of oleanolic acid and ursolic acid. Table 2 Results of recovery study.
Conclusion
The separation of stereoisomers OA and UA on TLC was achieved by prechromatographic derivatization, enabling their simultaneous estimation in the plant. The two HPTLC methods developed are simple, reproducible, and economical and do not suffer of any positive or negative interference due to other common components present in the extract. The developed methods can be applied for the routine quality-control analysis of O. corymbosa.
